A panel of experts assembled and analyzed a comprehensive item bank from which a highly sensitive and specific early psychosis screener could be developed. Twenty well-established assessments relating to the prodromal stage, early psychosis, and psychosis were identified. Using DSM-5 criteria, we identified the core concepts represented by each of the items in each of the assessments. These granular core concepts were converted into a uniform set of 490 self-report items using a Likert scale and a 'past 30 days' time frame. Partial redundancy was allowed to assure adequate concept coverage. A panel of experts and TeleSage staff rated these items and eliminated 189 items, resulting in 301 items. The items were subjected to five rounds of cognitive interviewing with 16 individuals at clinically high risk for psychosis and 26 community mental health center patients. After each round, the expert panel iteratively reviewed, rated, revised, added, or deleted items to maximize clarity and centrality to the concept. As a result of the interviews, 36 items were revised, 52 items were added, and 205 items were deleted. By the last round of cognitive interviewing, all of the items were clearly understood by all participants. In future work, responses to the final set of 148 items and machine learning techniques will be used to quantitatively identify the subset of items that will best predict clinical high-risk status and conversion.
Introduction
Interest in identifying individuals at clinically high risk (CHR) of developing a psychotic spectrum disorder has grown over the past decade. The most widely used assessments are the Structured Interview for Psychosis-risk Syndromes (SIPS) and the Comprehensive Assessment of At-Risk Mental States (CAARMS) (Fusar-Poli et al., 2016) . Both the SIPS and the CAARMS have very high sensitivity 91.6% (Webb et al., 2015; Fusar-Poli et al., 2016) . Unfortunately, proper administration of these semi-structured interviews requires extensive training in order to assure high inter-rater reliability (Addington et al., 2012) . Even with extensive SIPS or CAARMS training, only about 19.6% of individuals who are identified as CHR based on their SIPS score will actually go on to develop a psychotic disorder vs. 1.8% for help-seeking clinical controls. An additional 10.7% of CHR patients will develop bipolar disorder, unipolar depression, or an anxiety disorder vs. 11.8% of controls (Webb et al., 2015) .
At present, the most widely used self-report screener for early psychosis is the Prodromal Questionnaire -Brief Version (PQ-B) (Loewy et al., 2005 (Loewy et al., , 2011a . In general, the PQ instruments were extensively validated against the SIPS and the CAARMS (Loewy et al., 2011b; Ising et al., 2012) . The PQ-B has high sensitivity, but as an outpatient screener it may lack sufficient specificity to make more widespread screening practical. There are a few additional difficulties with the PQ-B that this study aims to improve upon. First, although individual items are clearly written, they tend to focus on fairly mild symptoms that are common in the general population (e.g., seeing a fortune teller). Individual items also tend to combine several related but distinct experiences (e.g., "experiences with telepathy, psychic forces, or fortune telling") without any ability to distinguish between them. Finally, the primary response set for the PQ-B is a limited, binary 'yes/no'. A Likert scale was subsequently added, but its use is only indicated for items that are already endorsed with a 'yes'. The selective addition of a Likert scale also complicates statistical analyses.
Since the initial publication of the PQ-B in 2005, there have been several developments that can improve the creation of self-report screeners. These include cognitive interviewing (CI), which is useful in qualitative validation (DeWalt et al., 2007) ; Item Response Theory (IRT) and related aspects of Modern Measurement Theory (Reeve, 2002) ; machine learning strategies (Peng et al., 2005 & von Luxburg, 2007 ; and lessons learned from the National Institutes of Health Patient-Reported Outcomes Measurement Information System (PROMIS) initiative (Cella et al., 2007) . While it is unusual for an item development manuscript not to conclude with a quantitative analysis defining the utility of the items, our premise has been that psychosis is one of the most difficult of human experiences to assess and that the quality of the items in an assessment naturally place an upper bound on predictive power, regardless of analytic strategy. (It is not possible to accurately and precisely interpret an item that is confusing, has multiple interpretations, or which includes several concepts e.g. in the case of depression: sad, depressed, or hopeless.) For these reasons, we have chosen to dedicate this manuscript to a detailed description of the application of these techniques to the development of a comprehensive self-report item bank that can be used to predict CHR status. The approach is primarily synthetic in nature, encompassing the theoretical frameworks for each of the assessments that form the basis of our item bank.
Our hypothesis is that we can develop a comprehensive set of simple Likert scale items that each represent a single, granular, core symptom associated with the prodromal period, including psychotic-like and psychotic experiences. Our belief is that this item bank will serve as the foundation for creating a self-report screener for early psychosis that could be used to predict SIPS CHR status and ultimately predict conversion with high specificity.
Methods

Stage I: item pool development
The first step was to gather widely used prodromal, early psychosis, and psychosis measures that have been described in the peer-reviewed literature. These measures are presented in a recent review of selfreport and clinician-administered early psychosis screeners (Kline and Schiffman, 2014) . Using these screeners and DSM-5 criteria, we identified the core concepts represented by each of the items in each of the assessments. These core concepts covered all of the criteria for schizophrenia spectrum and other psychotic disorders described in the DSM-5. Under the supervision of Dr. Brodey, who used similar techniques to develop the Perinatal Depression Inventory (Brodey et al., 2016) , TeleSage staff rewrote items in a simplified self-report format. They based the items on a fifth-grade reading level, with one concept per item so that minimal interpretation of each item was required. Each item was intended to elicit a simple direct report of the individual's experiences and feelings. Wherever possible, items were written in a non-judgmental, non-pathologizing format. We avoided words and phrases with pejorative, multiple, or abstract connotations. (For an example, see the revised item 'I felt anxious.' in Results section, Table 1 ).
Foreign words and words known to translate poorly into other languages were avoided.
Items were written to match a 5-point Likert scale (Never, Rarely, Sometimes, Often, Always) response set. This is the same response set that was used in the PROMIS initiative (DeWalt et al., 2007) , except that we included a 'does not apply' response option as a second alternative to 'Never', for some items related to work and school experiences. This was for participants who were unemployed or not in school, therefore 'Never' could be ambiguous. We created items intended to represent different extremes of a symptom so as not to rely exclusively on the Likert scale for differentiation (Comparelli et al., 2014) . Furthermore, we attempted to avoid items that might have a ceiling or floor effect. Items were written with a standard 'past thirty days' time frame. The panel of experts discussed using a scale of severity or distress instead of frequency; however, no single scale appeared to work perfectly to assess the prodromal period. Frequency appeared to act as an adequate proxy to capture intermittent prodromal episodes as well as attenuated symptoms. Although the PROMIS initiative used a 'past seven days' time frame, we reasoned that we needed a longer time frame in order to pick up the episodic symptoms that are associated with the prodromal period. Patients tend to answer consistently when asked about frequency or intensity, so the panel concluded that a 30-day time frame (typical for assessing prodromal symptoms) would be sufficient to capture the presence of intermittent episodes. In addition, we selected a uniform 'in the past 30 days' time frame rather than a 'past month' time frame to avoid confusion among people who might be thinking about the most recent named month (e.g., September) while answering questions.
In order to define and represent concepts associated with the prodromal period, early psychosis, and psychosis, we included concepts relating to positive symptoms, negative symptoms, and the exclusionary criteria listed in the DSM-5, as well as general symptoms that have been associated with conversion. We then subdivided the items into category 'bins' to assure adequate coverage of related concepts. Concepts included the symptoms listed in DSM-5, such as delusions, hallucinations, disorganized speech, gross disorganization, avolition, and a decrease in functioning; yet, for our purposes, the DSM-5 nomenclature was not sufficiently specific. The term 'delusion' alone, for example, can refer to any number of phenomena: paranoid delusions, persecutory delusions, religious delusions, grandiose delusions, delusions of control, thought insertion, telepathy, thought broadcasting, erotomania, and somatic delusions, to name a few. Drawing from the well-established instruments, we made our 'concepts' as granular as possible. We recognized that overlap in the nomenclature and categories was inevitable and that partial redundancy was, in fact, desirable. In addition, since the DSM-5 criteria for schizophrenia include exclusions relating to schizoaffective disorder, bipolar disorder, and substance abuse, we also included items on depression, anxiety, mania, and substance use for exploratory purposes.
The item pool was iteratively reviewed and rated by a panel of eight experts, including three psychiatrists and three psychologists with combined expertise in the prodromal period and early psychosis, SIPS and SCID (Structured Clinical Interview for the DSM) administration, community mental health, and biostatistics. Other members of the panel included an English professor, a linguist, and two TeleSage, Inc. interns. The panel members reviewed the items for breadth of coverage across the concepts. In addition, each item was rated independently by each panel member on a 3-point scale for clarity and centrality (i.e., 1 = neither clear, nor central to the concept; 2 = clear, but not central to concept OR central to concept, but not clear; and 3 = clear and central to concept). Experts participated in focus groups, where they were asked to describe the benefits and/or problems associated with each item and provide a rationale for each item rating. Experts were also asked to rank similarly worded items in order of their preference. We averaged the results from the expert panel ratings, and considered elaborations provided through the experts' comments and rankings.
Stage II: cognitive interviewing
All research subjects participated in an IRB-approved informed consent process. Consistent with North American Prodrome Longitudinal Study (NAPLS) practices, participants aged 12-35 were recruited from a Centerstone clinic in Bloomington, Indiana; as well as at the TeleSage site in Chapel Hill, North Carolina (Addington et al., 2012) . Participants at the Centerstone site (n = 26, average age of 25.5) were drawn from their sample of outpatients. Participants from the TeleSage sample (n = 16, average age of 21.1) were recruited from among the SIPS 3,4,5 CHR patients being followed at the NAPLS site at the University of North Carolina, Chapel Hill as part of a separate research study. A total of 42 participants received CIs. Participants ranged in age from 14 to 35 with an average age of 23 years. Of the 42 participants: 67% (28) were female; 69% (29) were white; 14% (6) identified as black; 2% (1) identified as a Hawaiian native; and 5% (2) identified as being ethnically Latino.
CI is a scientific technique that uses 'verbal probes' and 'verbal think alouds' to determine the perceived meaning of survey questions (Willis, 2005) . Interviewees are asked to answer 10 written questions at a time. For each question, participants are asked: 'what do you think the individual question means?,' 'what do individual words and phrases mean?,' 'what information do you think the author was actually trying to elicit?', 'what were you thinking as you retrieved from memory the information needed to determine the correct answer to the question?', 'how did the response options fit the question?,' and 'what was your decision process in choosing how to actually answer the question?' (based on superimposed perceptions of social desirability, etc.). By having participants describe all of their thoughts out loud as they work their way through questions, it is possible to identify many of the problems that could affect a patient's response in unintended ways. Using CI to hone questions makes it much more likely, when entering into quantitative testing, that individual items will ultimately have good psychometric characteristics. This was especially important in this study as we knew that we needed to cover a large number of concepts efficiently.
CI was conducted in three rounds with the Centerstone sample and two rounds with the TeleSage sample. (Fewer rounds were conducted with the TeleSage sample given that the Centerstone rounds preceded the TeleSage rounds and led to significant revisions/omissions prior to the start of the TeleSage rounds.) Each round was conducted with unique participants who engaged in an individual interview; no participant was interviewed twice. Each CI took approximately 90 minutes to complete and interviews were audiotaped. The CIs provided ample opportunity for open exploration of items and responses. After each interview, the interviewer summarized her notes from the CI, specifically noting which questions were easier or harder for participants to understand and which questions appeared to represent greater relative severity. A TeleSage staff member transcribed the responses for any items that presented difficulty. The expert panel then re-rated the item based on the feedback from the participants and the interviewer. This process was repeated throughout all five rounds of interviewing.
Interview data was evaluated between the five rounds by the same expert panel to identify items in need of revision or omission from the item pool. After each round of cognitive interviewing, we omitted or revised questions that created difficulties in regards to either interpretation (e.g., were unclear or were interpreted in an unintended manner) or utility (were endorsed with an unexpectedly high base rate). Initially, any item that presented difficulty for at least 20% of participants was deleted or revised. After the second round of interviewing, items that presented no difficulty for all participants were considered complete and removed from the CI process. This afforded more time in subsequent rounds for us to evaluate new and revised items as well as items for which some difficulty was noted. Our goal was that by the end of the final round of interviewing we would be left with a group of items that were well understood by all participants and which would still represent all the concepts.
Results
Part I: item development
The 490 items were divided into 25 general groups. These 'bins' were not intended to be mutually exclusive and were used primarily for convenience in the cognitive interviewing process. For example, De-realization and Erotomania are not similar symptoms; however, Erotomania did not have enough items to warrant an individual bin. Thus, we grouped Erotomania and De-realization items in order to keep the size of the comparison groups consistent. The bins were: (1) Demographics; (2) Each domain included multiple concepts. For example, the Hyper-religiosity domain included specific beliefs about (a) being called to do God's work or (b) the devil's work. We also created multiple similar versions of many items in order to ensure that we could identify a version that would work well. For example, as it was particularly difficult to differentiate normal strong religious convictions from delusional beliefs, we wrote and explored many items covering these two concepts (see Table 1 for an example of a Religious Delusion item that addressed these difficulties and was ultimately included). Overall, we developed a much larger item pool than we would ultimately need because we wanted to explore concepts in detail. Panel members performed three rounds of item evaluation before CI began. In each case, items with an average rating of 2.5 or less were eliminated or revised. Items were retained if the panel gave the item an average rating of greater than 2.5 and there was no other item covering the same core concept that had a higher rating. At the end of these three rounds of evaluation, the panel approved 301 items for CI.
Part II: cognitive interviewing
The first round of cognitive interviewing started with 301 items and took place at Centerstone. We found many items that were interpreted in more than one way and were therefore eliminated (see Table 1 for examples of the kinds of interpretive difficulty we encountered). We retained items about which we had uncertainties to obtain additional feedback. In all, 77 items were omitted, 30 new items were created based on feedback, and 2 items were revised. We started Round 2 at Centerstone with 254 items. Of these items, 34 were omitted, 15 new items were created based on feedback, and 14 items were revised. We started Round 3 at TeleSage with 235 items. Of these items, 37 were omitted, 7 were created, and 12 were revised. We started Round 4 at Centerstone with 205 items: of these 33 were eliminated, and 8 items were slightly revised. On Round 5 at TeleSage, we started with 172 items and eliminated 24 items, which were misunderstood by at least one participant. We ended CI with 148 items, excluding demographics. These 148 items covered the full range of core concepts that we had identified. Each of these 148 items went through at least one full round of CI without generating any confusion. A minimum of 2 cognitive interviews were performed on all of the items. Some items were included in up to 5 rounds of cognitive interviewing. For specific examples of items that were omitted, revised, or retained, see Table 1 .
Discussion
We accomplished our goal of using qualitative validation techniques to develop an item bank. In achieving this goal, we encountered three primary difficulties that are summarized here. First, it is difficult to write questions that are simple and which also define an experience or belief in sufficient detail. Second, people have a very broad range of beliefs and experiences. Typically, only constellations of experiences and beliefs represent pathology. Third, most of the words we use to describe experiences and beliefs have developed over hundreds of years and their meanings have evolved and changed during this period. There is no simple taxonomy that clearly defines their unique meanings or commonly understood hierarchies.
Relating to the first difficulty, developing self-report items is an imperfect process. As an example, consider auditory hallucinations. We could ask: 'I heard voices,' but normal individuals hear the voices of other people throughout the day. We could ask: 'I heard voices when I was alone,' but a normal person might be watching television or there might be a loud person in the next room. We could ask: 'I heard voices that nobody else could hear,' but a normal person might simply believe she has very good hearing or, conversely, a person experiencing auditory hallucinations might think that other people hear the voice too. We could ask: 'I heard voices, but I was not sure if they were real,' but a person experiencing auditory hallucinations might feel quite confident in the voices' reality. We also needed to make sure that these experiences have not occurred as the person was waking up, falling asleep, doing drugs, or febrile. These latter qualifiers are probably best dealt with in the instructions as a patient prepares to take the assessment, but a patient also needs to be reminded of the instructions periodically while responding to questions. We could combine specific qualifying statements such as, 'I heard voices that nobody else could hear, when I was alone, and I was not watching the TV.' However, questions with multiple contingencies require a good working memory, an understanding of punctuation, and considerable mental gymnastics on the part of the patient. They also make interpretation of the responses much more complicated. Based on our CI results, we learned that a good question simply asks for a direct report of the patient's perceptions, thoughts, or feelings. In the case of auditory hallucinations, we found that a series of direct questions can be used to ameliorate some of the concerns raised above. Several questions relating to different aspects of an experience can be asked e.g. 'I heard a voice, but I could not tell if it was real,' 'I thought the voice was real,' 'The voice said mean things about me,' and other specific statements. These items were easily understood, and they mediate the potential for multiple interpretations of the initial item.
In terms of the second concern, the range of normal human experience is broad. Many behaviors related to 'core concepts' occur in high rates among the general population, making their use in assessment tools problematic. For example, many people like consulting fortune tellers, some keep 'lucky charms,' and some are sure that aliens regularly visit earth. These ideas alone do not signify that a person is experiencing prodromal or psychotic symptoms. To avoid false positives and to maximize the information associated with each response, individual items need to be written to avoid high base rates. In addition, a screener will ultimately need to use constellations of item endorsements to assess risk.
With regard to the last difficulty, the lack of a standard taxonomy for concepts describing prodromal, early psychosis, and psychosis presented an interesting challenge. We wanted to develop a group of items that TA & IP responses, as well as responses to other social functioning items, indicated that negative endorsement of the item (i.e., Never) often reflected the inability to engage with friends due to other commitments (e.g., do homework, babysit siblings), rather than poor social functioning.
Sample revised items
Reason for revision Anxious in the context of "I felt anxious" was defined as excited or eager (e.g., "I was anxious to go to the fair") by participants, particularly those in the South. The noun form, however, did not have the same additional connotation; therefore, the item was revised to use the noun form of anxiety. was sufficiently broad, to be confident that we were not missing important concepts that might be useful in identifying CHR individuals. At the same time, we did not want to have a large number of essentially redundant items. We would have liked to be able to use the DSM-5 in this regard, but we found that its nomenclature is too vague to be very useful in detailed classifications. The standard classification systems of the DSM-5 often did not yield unique assignments. For example, some persecutory delusions could equally be described as paranoid, and many paranoid delusions are grandiose. Overall, we had to rely on existing instruments and the judgments of our expert panel members to determine if the item bank we developed was broad enough to cover the full range of perceptions and beliefs. When a clear choice did not exist, we erred on the side of permitting redundancy between similar but distinct concepts, with the knowledge that we could further winnow items in the future. In future work, we hope to develop a short set of items that can be used to assess respondent bias. In addition, we hope to add items to quantify the severity of fully developed symptoms of psychosis.
Conclusions
We developed an item bank that we believe can be used to create an early psychosis instrument that has high specificity and good sensitivity. The item bank includes items to which a non-prodromal, non-psychotic person would mostly respond 'never' or 'rarely.' Additionally, we knew that CHR individuals would only positively endorse a subset of the items provided, based on their own unique experiences and beliefs. Using the item development, modification, and selection process described here, we were able to identify 148 items that were well understood and that our expert panel believes cover the breath of concepts associated with the prodromal period and early psychosis. These 148 items should enable us to develop quantitative algorithms to identify CHR individuals and predict those who will ultimately convert.
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